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Optical switching interfaces 

[30980151 EP] 

Technical Field 

This invention relates to optical switching interfaces for selectively coupling optical 
5 signals between end-points of an optical communication system and an optical link. 

Background Art 

It is anticipated that new optical telecommimications networks will be implemented 
in metropolitan areas, and one possible interface between the telecommunications network 

10 and the end customer will be "Gigabit Ethernet" (or a higher speed derivative). In this 
scenario, the end customer's equipment (for exanq)le a router) will have a Gigabit Ethernet 
interface card, which may for example connect to the teleconununications network via a 
•* transponder" - an optical frequency converter for converting an optical signal between 
the end-user system wavelength and the wavelength of an assigned optical "channer in a 

15 wavelength division multiplexing (WDM) system. (In an all-optical network an optical 
channel can be considered to exist, constituting a conomunications path between two 
network endpoints; although signals traversing this channel may in reality be optically 
amplified and may pass through optical cross-connects, wavelength multiplexers and de- 
multiplexers, and wavelength converters, thie channel is still in principle viewed as a single 

2 0 integral end-to-end path.) In initial implem^tations it is likely that an optical channel will 

be set up across the optical telecommunications network to a second corresponding 
transponder and then on to a second end customer's equipment. It will therefore create 
a point to point connection, across the metropolitan area telecommunications network, 
between the two pieces of customer's equipment. 
25 WDM technology and the use of optical cross-connects (OXC - see for example 

US patents 5,699,462 and 5,732,168) are now being implemented in working products. 
As well as the use of an optical layer as the highest layer in Synchronous Optical Network 
(SONET)/Synchronous Digital Hierarchy (SDH) technology, there is also very 
considerable interest in Internet Protocol (IP) and Asynchronous Transfer Mode (ATM) 

3 0 networks beixig in^lemented in a way whictf minimises or eliminates SONET/SDH support 

within the protocol stack. Specifically, it $eems that in the long-haul networks, because 
of the considerable number of electrical repeaters already in place which are specific to 
SONET or SDH, it will be required in the short term to keep SONET/SDH framing, but 
the SONET/SDH multiplexing and cross-coimect functions can potentially be eliminated. 
35 In the metropolitan / municipal area, there is no requirement for electrical repeaters, and 
so both IP/ATM within SONET/SDH framing, and independent IP or ATM over WDM 
are likely to arise. Of particular interest will be the use of Gigabit Ethernet technology to 
in^)lement IP over the WDM optical layer channel. 
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A parallel development is the realisatioi. that the tren«.«lous aiire.« and projecud. 
tore d^ for bandwidd. wiU cotnprise packeUsed data ra.h« vo.^ 
^I^catk,,.. The deo^ for data b projected to considerably exceed that of vo.ce 
^ZTery ^ years. Tt therefore ntakes sense «. optimise d,e n^n- 
5 network for dau traffic rather than voice. There is also a strong movement tow^ 
voice across n> networks OP telephony), and this leads to the conclnston that 
IP may become the tmiversal convergence layer. 

It U an object of this mvention to provide methods and appar«us for opocal 
.witching a.»l interfacing which facUitate implementation of optical commumcations 
10 systems in these circumstances. 

S^^^'^^^asi^.ofd.isinvention.hereisprovidedaswitching^^ 
«^ve,,co„plingopticalsigna.hetw«.end-poin.sof3no^^ 



15 



20 



25 



L.:;i::^^:^H:.ra«oft;ansponders;a^ 
s„i.d> fl selectively coupling saM .ranspo,.lers to said optical hnk; ^ 
cross-connect switch for selectively conpling said transponders to sari end-pomts. 

S^^^ffSUce h, accordance with this inve„ti» wiU now^ 
described, by way of example, wifl. refer»ce to the accompanymg drawmgs. tn wtach. 

Figure 1 shows a first switching interface; 

Figure! shows a second switching interface; and 

Figures shows a third switchmg interface. 

"of dient enterprise or organisation, and m ti«.r respective 

requirements for a metiopolitan commumcations network, can be «.ysag^ 
^ (a) A client has a requirement for a permanent point to pom^^ <«ptical ctomK «. 
conJ L sites. client expects the optical channel to be htghly reUable. ..e. 
rr^o^restoration by ^ metiopolitan communications network is a r^^n^ 

(b) A client has a requiremeM for a permanent point to pom. optical chamK » 

connect io sites. The client also has a lower bandwidti. alternative rou« avadaWe 
^Z^. sites, a.^ would consider the service satisf^ry if any break » servtce 
on the optical channel were restored witiun a few hours. k... .he client 

, (c) A cUen. requires pomt to point optical chamiel connections but ti-e cU^ 

specifiluiy wishes to handle protection dremselves e.g. by havmg 
^chLels.and two (rather than one) Gigabit Ed,emet cards a. each end of the hnk. 
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(d) A client requires access to a point-to-point optical channel every evening for an 
hour, starting at a particular time, in order to do a major backup of the data (data bases, 
transaction logs etc.) which are underpinning the business. This major backup onto a 
con^letely separate site protects against a major loss of data (which could potentially be 

5 caused by fire, flood or other disasters). 

(e) A client requires bandwidth on demand between a site and one of the other sites 
across the metropolitan communications network. The time and duration of the demand 
for the optical channel cannot be predicted in advance, and neither can the end points (i.e. 
if a client organisation has three sites, the^ two end points could be any two of the three 

10 sites). Potential applications are: large general demand for data transmission which 
outstrips the current connectivity between the sites; yideo conference; high quality digital 
video transmission; transferring large images (e.g. publishing industry, also healthcare); 
transfer of large amounts of engineering design data; and transferring large amounts of. 
software. 

15 This is not an exhaustive list, and it is also clear that administratively a variety of 
connections are possible, e.g. both endpoint sites belonging to the same organisation, 
connection from a site to an ISP, or connection between two separate organisations. 

It follows that an IP-based metropolitan conmiunications network may differ is 
various respects from a solely SONET/SDH-based metropolitan network. 

20 1. Different levels of protection/restoration have to be offered to different clients 

Some clients require optical protection, but some do not. In particular, the client 
in scenario (c) does not require protectiop/restoration. Also the client in scenario (e) 
probably does not want protection/restoratipn, in that the service being requested from the 
metropolitan conmiunications network is best-effort, i.e. there is a possibility that a 

25 demand for an optical channel may have to be refused owing to lack of capacity. 
Therefore, very reliable service in terms of protection/restoration is probably not required 
by this client. 

Protection does not come for free and is potentially quite a large added cost to the 
customer. There are costs associated with the extra optical channel required, the extra 

30 equipment, etc. Therefore clients not requiring protection/restoration shotild not be 
expected nonetheless to pay for it. From the operator's viewpoint, channel capacity freed 
up by not having to offer protection/restoration can be used to generate other business. It 
is therefore preferable to design the systenjt so that protection/restoration is not mandatory 
on every optical channel. 

35 As a corollary, this argues more in favour of protection/restoration at the 

wavelength level rather than the fibre levet 
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^'^^t^— ■(.). *e c J re<,uirtog W«id4 on demand wUl h.v. <o send a 
messagr^Te EleLL Manager in fl« Opdoal Cross-Con.ec. Sysce.. reque»ngan 
^Zl Lnnel^aparticnlarendpoim. Simaarlyareplyl.asu,besentftomthe Bem«« 
.0 JcU«U, a success*. conCnsion. or m no. enough capacy 

.he relevam rooB is currendy available (an 'engaged .one message ). 
™ O^^l^. assume ^ *e cUen. ro«er can send a message «> »'--^<^ 
N«work ManaBen«n. Sodon or CeU Co«roll=r, since one canno. guarantee au. a«e wSl 

w J does no. go VU d„ Optica, Cross Com«« Sys«m. 

poin. of view, diere is an issue as «, how 4. cUen. rourer would find fl» add«ss of 

""="t™r«.~ssagese.c.«nged,«weena.e.^ 

B,eme„ Managed will be in Simple ^-o*^™- P--' <^ 

forma, and dearly Optical CrossConnect System needs to bave (physical laye 
M^'a^ col. U% hardv^r. which wiU send and receive management/stgnaUmg 

Managemen^signal^nS dau could he sen. a. ti« same wavel«.^ 

ftames, or could he s«« on a separa« optica. -^^^"^^^^ 
Eiernet (and Smire higher speed derivatives) canymg dK IP traffic, n scans tna it 

^wfat^ mostL effective for *e managemen.signa.ling 
^eC^igabitEthe.™. (or higher speed derivativOitsclf.^.! that tb^useof aseparate 

supervisory channel would be unnecessary. 

SJl^eden^^^^ 

OEE Osed to symmetric in the SONET case 

This is oarticularly true m scenario (d) for example, wn«c j 
This IS panicui y warehouse' and little data (mainly higher- 

business data will go from one site to a data warenouse au ^ . . 

^Jeations ne««,rk case, d.e archirecmre involves unidirecuona. opbca. channel, 
;S whereas in die SONET case i. could involve bi-diiecdonalchanneb. 

4 ... .P ^onolitan . ^O'^ <^ " " "^J"' 

-„.L -n;7;;;irer «cbnioucs).J P r...n.er die inefficenc j^^au^ 
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wavelength blocking 

The environment in which the Optipal Cross-Connect System is xised is much more 
dynamic than the purely SONET environn)ent. Optical channel connections will be set up 
and broken down by clients with considerable frequency, and also in a fairly random way. 
5 It is therefore much more likely that the network will encounter wavelength blocking (i.e. 
a demand for a channel path occurs, and there is chamiel opacity on the path, but only at 
a wavelength the end systems cannot make use oO- The end clients in the SONET case 
may also have very dynamic behaviour, but in the SONET case the optical layer is 
shielded by the SONET layer from the changes in the end clients' bandwidth demands. 

10 

5. In the IP metropolitan communications network case, it is possible to use the Cyclic 
Redimdancy Check (CRC) of the Gigabit Ethernet (or higher speed derivative) frame to 
verify bit error rate performance 

An assunq)tion of the IP metropolitan conununications network is that the 

15 predominant optical channels are carrying IP traffic. Inspecting whether a received CRC 
is the correct one provides a way to estimate the end-to-end bit error rate (BER) of the 
optical channel. There are a number of otter checksums and CRCs which could be useful 
for checking the optical channel BER. Some examples are the Transmission Control 
Protocol (TCP) checksum, the Point-to-?oint Protocol (PPP) CRC and the IP header 

2 0 checksum. The BER measurement module could be made to switch between looking at the 
checksum/CRC of the various common protocols likely to be sent by the IP metropolitan 
conmiunications network optical channel clients, the switch being initiated by network 
mianagement messages. The BER measurement module could also be programjuable at a 
lower level (also by special network management messages) to cope with future as well 

2 5 as current protocols. 

Various possible switching interface architectures which cater for one or more of 
these requirements are shown in Figures 1 to 3. 

Referring to Figure 1, the client systems 12 are coupled via transponders 14 
(described in more detail below) to an OXC 16, which in turn is coupled via wavelength 

3 0 multiplexer/demultiplexers 18 to a fibre switch 20 connected to the metropolitan network 

trunk fibre 22. Protection and restoration are carried out at the fibre level, by the fibre 
switch 20. This fibre switch is a smaller version of the OXC 16, and could be 
inq>lemented with the same technology. Protection and restoration in this case means that 
if a fibre breaks, the signals sent in that fibre are re-routed to travel via a functional route. 
3 5 For example, if in Figure 1 a fibre 22A shown extending to the right of the fibre switch 
20 breaks, the signal is typically re-routed on a spare fibre 22B extending from the fibre 
switch 20 to the left.) 

Wavelength converters 24 are included, connected to the OXC 16, so that if clients 
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service, but wavelength bk«kmg occurs, the wavelength coovetters 24 can .^nv^ 
^Twavelength which is available for use. However, this architecu« does not allow 
different levels of protection/restoration for different cUeots. 

Figure 2 shows an architecture in which all protection/restoration and swtchu« are 
perfom^d at the wavelength level. TOs architeaure is staular to that shown in Figure 1 
Zi U.e ouq.u,s of the multiplexer/demultiplexers 18 are connected direaly to flje trunk 
fibres 22 (i.e. the fibre switch 20 is omitted). AU protection/restorauon ts hatidled on a 
per-wavelength basis, which allows the flexibUit, of enabling sotne clients to have tor 
connection protected, while others can opt not to incur the cost overhead of »^ 
nrotection or to handle the protection/restoraUon themselves. Where 
protection;restoration is implen««ed. it is appropr«te for the BER or o*« rdj^ 
Measurements to be carried out at the transponders 14. and for th,s nrformat^on »be M 
" the couuoller in the OXC 16 which can the. make a fas, dectston to carry out 
orotection/restoration switching. . r 

Figure 3 shows a dmd architec«ue m which the outputs of the 

multiplexer/demultiplexers 18 are again connected direcUy to ^'^^"l^^ 
wiUch a second OXC 26 is tocluded. to provide flexible signal path sw-tchmg between the 

client systems 12 M .he transponders 14. This architecture has sevend advantages: 
r Mc.ien.sused«opdcalnetwoAonlyintenni.tenay(e.g. a backup for an hoar «ch 
, night) so that there is time sharing of the network by the clients then ^'J^^ 
cotiderable savhtg in .ranspo„ler costs. Instead of one transponder P« 
"only a re^emen. of one transponder 14 per port of the OXC 26. whtch could be a 

much lower number. , ■ tw« 

2 -nie desirabUity of having on-line spare transponders ts addr^sed. Upon 
S transponder f^ure or .ault, one of the spare transponders can be swiKhed m.o^«K>. 

im3iately. By contrast m other architecn-res (e.g. those m F.gu«s a.K» 2). there ,s 

no possibiUt, of on-line real-time switching to a spare if a transponder 

3 With U.e Figure 3 arehitecmre. the requirement to have wavelength conv^ to 

p^wavelengthblocangisn^chreduc^i. Furthermore in d» specific case wh^aU 
>0 Uents use one protocol, such as Gigabit Ethernet, the ^' " ^ 

converters is eliminated. In this case (ignoring spares) for each workmg fibre there B a 
Gigabit Ethernet transponder per wavelength i.e. there is a <«-'-- """^f 
beLen transpond«s and wavelengths. So if there is a spare wavelength avaUable wh» 
a client retptests a new optical channel, there must also be a transponder MavaUable. so 

35 no wavelength blocking can occur. 

4 Th^isalsomuchgreaterflex.^ility.inthatif.cBen.changesforexample<^ 

Gigabit Ethernet to a higher speed protocol, it is a statple matter to comtect that chem 
system to the appropriate transponder 14. 
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5. Local clients can be directly interconnected without having to take up transponder 
resources. 

6. It is also potentially possible for transit (bypass) traffic (e.g. a channel coming in 
on one the fibre 22A, and going out through the fibre 22B without going to a local client) 

5 to be actively repeated by going through bfack to back transponders 14, thus boosting the 
optical power level of the signal and removing/reducing distortions. This is acconq)lished 
by routing a signal coming in on the fibre 22A to pass through a wavelength demultiplexer 
18 and the OXC 16, one of the transponders 14, and the second OXC 26» and then loop 
back through another 'transponder 14, the OXC 16 again and then out through a 
10 wavelength multiplexer 18 on to the fibre 22B. 

7. The second OXC 26 can route management and signalling messages fi^om the client 
systems 12 to associated management hardware 28. 

As noted above, the transponders 14 are used to translate client signals (e.g. from 
routers, SONET modules, ATM switches etc.) from loosely defined and unstable 
15 wavelengths to well defined and stable wavelengths as they are transferred into a WDM 
system. Transponders also have some other advantages: 

- they can act as a demarcation device between client and carrier, with *keep alive' signal 
and test capabilities; as explained above, incorporation of BER measurement 
capabilities etc. is also possible; 

20 — they transmit continuously, aixl so optical amplifier disruption, caused by varying total 
power levels due to client equipment turning on and off, is avoided; 

- they ensure a consistent power level enters the optical network and so increase the 
margins/reach of the WDM network; also, a remote client becomes allowable; 

- transponders could also be convenient places from an architectural viewpoint to locate 
25 various other functions, besides BER measurement and verification, such as: 

- chatmel encryption; 

- Forward Error Correction (FEC); 

- optical power measurement; 

- line code conversion (e.g. betweeq different block codes); 

30 - frame format conversion (e.g. from Gigabit Ethernet to some other format); 

- channel protection (i.e. duplication of optical paths so that a spare path is available 
in case the working path fails); 

- network management (e.g. using SNMP or telecom management network (TMN)). 
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CLAIMS 

(30980151 EP] 

1 A switching interface for selectively coupling optical signals between end-points 
of an optical conmiunication system and an optical link, comprising: 

a plurality of transponders; . - . j 

a Lt optical cross-conDect switch for selectively cooptog ^ in»^»tos «. sad 

■^"^ I'^^optical cross-comect switch for selectively coupling said transponders to 

said end-points. 

2 The interface of claim 1. wherein said first optical cross-connect is connected to 
said optical link via at least one wavelength multiplexer/de-muluplexer. 
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